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Abstract 
The measurement of shaft power is the main performance parameter for the shipyards and the owners of new ships, it 
can be measured to assess the working condition of the power system. Therefore, the accuracy of measurement and 
the reliability of data is particularly important. In this paper, causes of marine shafting macro residual stress were 
analyzed, and the residual stress finite element model of shaft deformation was established. The FEM model of 
marine shafting is based on an axial-symmetrical model of the shaft and subjected to a realistic bearing towards the 
gearbox-end. The FEM model assumes in particular supports at the main bearing in radial and axial direction. The 
dynamics of the roller elements, inside the bearings will likely contribute to additional residual stress by rigid motion. 
The shaft power of the marine shafting was measured taking the additional residual stress into account. Simulation 
and experiment show that the residual stress on the shaft deformation accounts for about 3%, which cannot be 
ignored. The control of the potential error from residual stress in the process of shaft power measurement is of great 
significance for improving the shaft power measurement accuracy. 
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1. Introduction 
Marine shafting is located between marine main engine and propeller, composed of transmission shaft, 
supporting parts, tail-end sealing device and accessories. The main function is to transfer the power 
generated by the marine engine to the propeller, while to transfer the axial force produced by the propeller 
to the hull to drive the marine navigation. The normal working of marine is determined by the reliable of 
marine shafting. 
With the development of marine manufacture industry, the tests for ships’ performances are especially 
important. As an important method of measuring the conversion efficiency, the measuring of shaft power 
has become a major parameter in new ships’ inspection and acceptance for shipyards and ship owners. 
The intention of the shaft power measurement is to enable the ship's crew and, consequently, the ship 
owner's operation management to optimize the operation parameters of ships, and to improve the power, 
economy and security. 
Large marine shaft power measurement often adopts telemetry strain method, the advantages are 
lightweight, easy installation, environmental adaptability, and with high accuracy and reliability, it can be 
used in full-scale ship shaft power measurement. With the rapid development of shipbuilding industry, 
the speed and powering, high efficiency and energy conservation have become important indicators of 
shipbuilding. While the shaft power measurement is an important means for the calculation of the 
conversion efficiency. With the measurement of shaft power in different operation conditions, the 
matching of propulsion engine to propulsor can be inspected, and it is an important basis for the matching 
of propulsion engine to propulsor of old ships. The shaft power measurement has become one of the items 
measured for new ships  or old ship reformation. Therefore, the measurement accuracy and the reliability 
of data is particularly important. 
2. Shaft Power Measurement Principle 
The conventional method used for the measurement of power transferred by rotating shafts is the use 
of strain gauges glued to the shaft and connected to signal conditioning amplifiers mounted on the shaft.  
Transfer method is often used to measure the torque. It is based on the elastic axis utilizing the 
relationship of the deformation, stress or strain with the torque to measure it. According to measurements 
of elastic parameters, torque sensors can be divided into torsion angle type, stress type and strain type. 
Currently, the torsion angle type and the strain type are widely used in the shaft power measurements. 
Strain-type torque measurement takes principal strain as the basic measure parameters. It is known 
from the mechanics of materials, that the maximum shear stress is located at the cross section away from 
the circular axis. The shear stress   on the surface of shaft is 
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M
=τ                                                                                      (1) 
M stands for torque of shaft,   stands for section modulus in torsion.Taking a micro-body A in the 
surface of the shaft, stress state of the micro-body A is as shown in Fig. 1. 
The principal strain 1σ is the maximum tensile stress, and 2σ is the maximum compressive stress. Its 
angle with the centerline is °45 , the relationship is as follows. 
τσσ =−= 21                                                                               (2) 
Principal strain in the principal stress direction is as follows. 
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Fig.1 Stress state of the micro-body A in the surface of shaft.                Fig.2 The paste method of strain gauges to the shaft. 
E stands for elastic modulus of shaft measured, N.m2, μ  stands for Poisson Ratio of shaft 
measured.The strain gauges is glued to the shaft in the direction of °45 , the torque value can be got 
according to the strain. In the real application, four strain gauges are glued to the shaft in the direction of 
°45  to the axis, and connected to signal conditioning amplifiers.The strain caused by torque can be 
measured, when the shaft deformed due to the torque. The torque value can be got after A / D conversion. 
There are many ways of speed measurement, but from the perspective of easy installation, the magnet 
is fixed in the rotating shaft, the measured shaft speed sensor is converted into electrical pulse signals. 
When the shaft is rotating, the sensor will output a pulse signal if the probe through the sensor, and the 
pulse signals will be transmitted to the counter. A shaft speed will be got according to the average 
measured shaft speed signal. 
 
Fig.3 Shaft power test system components. 
3. Residual Stress Simulation of Marine Shaft 
Marine propulsion shafting system is a multi-support, easy deformation dynamic system with large-
scale and high-mass.The loading and motion of ship, hull deformation and the deformation of the base 
which impact the reliability of the propulsion system cannot be ignored. A propeller shaft transfers the 
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thrust force to the thrust bearing. From full forward to full astern, there may be hundreds of tons in 
difference of thrust. 
The thrust bearing of a propeller shaft, normally, allows the shaft to travel 0.4 mm lengthways. At the 
propeller end, the shaft is free to move a lot more. Here the movement of a long shaft, due to elasticity, 
might be several mm, even though the movement at  the engine end of  the shaft  is kept within  the 0.4 
mm limit. 
The shafting model system consists of first shaft, intermediate shaft, stern shaft and bearings. The 
length of first shaft is 1245mm with diameter of 100mm, the length of intermediate is 1600mm with 
diameter of 80mm, the length of stern is 1225mm with diameter of 80mm.The whole shaft is hollow with 
diameter of 25mm.Several mm, even though the movement at  the engine end of  the shaft  is kept within  
the 0.4 mm limit.The shafting model system consists of first shaft, intermediate shaft, stern shaft and 
bearings. The length of first shaft is 1245mm with diameter of 100mm, the length of intermediate is 
1600mm with diameter of 80mm, the length of stern is 1225mm with diameter of 80mm.The whole shaft 
is hollow with diameter of 25mm. 
In the simulation, a torque of 600N.m is applied on the both ends of the shaft, a distributed load of 
1450N/m is distributed along the shaft axis, and a concentrated load of 50kN is placed in the stren of the 
shaft. The result of stress simulation is shown in Fig.4. It can be seen from the result that the stress of 
shaft is affected much near the bearings and among the adjacent bearings. So it is recommended that the 
strain gauge should be glued to shaft avoiding the locations mentioned above. 
Fig.4 Propulsion shafting model of marine with torque, distributed load, concentrated load and etc.. 
4. Measurement of Marine Shaft Power
“SAR H” is a 9,000 DWT product oil tanker built in Fujian Shenglong Shipyard LTD. Entrusted by 
Fujian Shenglong Shipyard LTD., Wuhan University of Technology carried out the sea trial on the 
maritime area of the Baima for Fujian during Oct 28, 2009. The test includes the measuring of shaft 
power.The normal rated power of main engine is 3309 kW, and the rated speed of rotation is 600r/min. 
Gear ratio is3.5652. The depth of the sea is 40m, the temperature of sea water is 21℃, and the sea 
condition is State 2. The torque meter is installed in the high-speed rotation of the shaft. 
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In the actual measurement process, in addition to the torque, the shaft may also be subject to both the 
effect of bending moment and axial force. At the same time, the influence of the change of temperature to 
the resistance of strain gauges is great. In addition, as the different materials of the strain gage and the 
measured shaft, the coefficients of expansions are different, and an additional strain is generated. To 
avoid the effect of residual stress, it is recommended that the strain gauge should be glued to shaft 
avoiding the locations that near the bearing or in the middle of two bearings. 
The normal rated power 3309kW of the main engine is considered as the standard value, shaft power A 
is got not considering the residual stress coursed by bending moment and axial force and etc., but the 
shaft power B is considered the effects of bending moment and axial force.It can be seen that the shaft 
power B is near the standard value, and the residual stress on the shaft deformation accounts for about 3% 
from table 1. 
Table 1. Shaft power test results from “SAR H” 
Load Shaft Speed (r/min) 
Shaft Power A 
(kW)
Shaft Power B 
(kW)
Relative Error (%) 
25% Mean  104.8 714 686 3.38 
50% Mean  134.9 1439 1410 1.75 
70% Mean  151.3 2067 2030 1.49 
85% Mean  158.6 2382 2325 2.03 
100% Mean  167.6 2871 2772 2.99 
5. Conclusion
As the shaft power measurement is carried out in the dynamic circumstance, the stormy waves, the 
flow of water, steering etc. influences the torque to fluctuate in a flash. Test data should not be the 
average processing, according to the results of field measurements to determine the trade-off with the 
experience, to delete the fluctuations in value and to weight average. It is better to measure the 
temperature of main engine, explosion pressure, fuel consumption etc. simultaneously as comprehensive 
analysis, and to evaluate the accuracy of shaft power measurement. The influence of ship ballast 
condition in the shaft power measurement, not taken into account so far, seems not to be negligible. 
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